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BACKGROUND OF THE INVENTION 

The present invention relates to powered injector systems and methods for 
use thereof in medical injection or fluid delivery procedures and, more particularly, to 
control of powered injector systems and methods of controlling powered injector 
systems. 

In many medical diagnostic and therapeutic procedures, a physician or 
other person injects a patient with a fluid. In recent years, a number of injector-actuated 
syringes and powered injectors for pressurized injection of fluids such as contrast media 
have been developed for use in procedures such as angiography, computed tomography, 
ultrasound and NMR/MRI. In general, these powered injectors are designed to deliver a 
preset amount of contrast media at a preset flow rate. 

Angiography is used generally in the detection and treatment of 
abnormalities or restrictions in blood vessels. In an angiographic procedure, one obtains 
a radiographic image of vascular structure with the assistance of a radiographic contrast 
medium (sometimes referred to simply as contrast) injected through a catheter. The 
vascular structures in fluid connection with the vein or artery in which the contrast is 
injected are filled with contrast. X-rays passing through the region of interest are 
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absorbed by the contrast, causing a radiographic outline or image of blood vessels 
containing the contrast. The resulting images can be displayed on, for example, a 
monitor and recorded. 

In a typical angiographic procedure, a physician places a cardiac catheter 
into a vein or artery. The catheter is connected to either a manual or an automatic 
contrast injection mechanism. A typical manual contrast injection mechanism includes a 
syringe and a catheter connection. The operator of such a syringe adjusts the flow rate 
and volume of injection by altering the force applied to the plunger of the syringe. 
Manual sources of fluid pressure and flow used in medical applications such as syringes 
and manifolds thus typically require operator effort that provides feedback of the fluid 
pressure/flow generated to the operator. The feedback is desirable, but the operator effort 
often leads to fatigue. Thus, fluid pressure and flow may vary depending on the 
operator's strength and technique. 

Automatic contrast injection mechanisms typically include a syringe 
connected to a powered injector having, for example, a powered linear actuator. 
Typically, an operator enters into an electronic control system of the powered injector a 
fixed volume of contrast material and a fixed rate of injection. In many systems, there is 
no interactive control between the operator and the powered injector, except to start or 
stop the injection. A change in flow rate in such systems occurs by stopping the machine 
and resetting the parameters. Automation of angiographic procedures using powered 
injectors is discussed, for example, in U.S. Patent Nos. 5,460,609, 5,573,515 and 
5,800,397. 

U.S. Patent No. 5,800,397 discloses an angiographic injector system 
having both high pressure and low pressure systems. The high pressure system includes a 
motor-driven injector pump to deliver radiographic contrast material under high pressure 
to a catheter. The low pressure system includes, among other things, a pressure transducer 
to measure blood pressure and a pump to deliver a saline solution to the patient as well as 
to aspirate waste fluid. A manifold is connected to the syringe pump, the low pressure 
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system, and the patient catheter. A flow valve associated with the manifold is normally 
maintained in a first state connecting the low pressure system to the catheter through the 
manifold (and disconnecting the high pressure system from the catheter and the low 
pressure system). When pressure from the syringe pump reaches a predetermined and set 
level, the valve switches to a second state connecting the high pressure system/syringe 
pump to the catheter, while disconnecting the low pressure system from the catheter (and 
from the high pressure system). In this manner, the pressure transducer is protected from 
high pressures. See Col 3, lines 20-37. However, compliance in the system components 
(for example, expansion of the syringe, tubing and other components under pressure) 
using such a manifold system can lead to a less than optimal injection bolus. Moreover, 
the arrangement of the system components of U.S. Patent No. 5,800,397 results in 
relatively large amounts of wasted contrast and/or undesirable injection of an excessive 
amount of contrast when the low pressure (saline) system is used. 

The injector system of U.S. Patent No. 5,800,397 also includes a handheld 
remote control connected to a console. The control includes saline push button switches 
and a flow rate control lever or trigger. By progressive squeezing of the control trigger, 
the user provides a command signal to the console to provide a continuously variable 
injection rate corresponding to the degree of depression of the control trigger. 

Similarly, U.S. Patent No. 5,916,165 discloses a handheld pneumatic 
controller for producing a variable control signal to control a rate of fluid dispersement to 
the patient in an angiographic system. U.S. Patent No. 5,515,851 discloses an 
angiographic system with a finger activated control pad to regulate the injection of fluids. 

Unlike manual injection systems, however, there is little if any feedback to 
the operator of system pressure in the above systems. There are potential advantages to 
such feedback. In the use of a manual syringe, for example, excessive backpressure on 
the syringe plunger can provide evidence of occlusion of the fluid path. 

U.S. Patent No. 5,840,026 discloses, among other things, an injection 
system in which an electronic control system is connected to the contrast delivery system 
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and a tactile feedback control unit. In one embodiment, the tactile feedback control unit 
includes a disposable syringe that is located within a durable/reusable cradle and is in 
fluid connection with the fluid being delivered to the patient. The cradle is electrically 
connected to the electronic control system and is physically connected to a sliding 
potentiometer that is driven by the plunger of a disposable syringe. 

During use of the injection system of U.S. Patent No. 5 5 840 5 026 ? the 
doctor holds the cradle and syringe and, as the doctor depresses the sliding 
potentiometer/syringe piston assembly, the plunger is moved forward, displacing fluid 
toward the patient and creating a pressure in the syringe. A sliding potentiometer tracks 
the position of the syringe plunger. 

The electronic control system controls the contrast delivery system to 
inject an amount of fluid into the patient based on the change in position of the plunger. 
As the fluid is injected, the pressure the doctor feels in his hand is proportional to the 
actual pressure produced by the contrast delivery system. The force required to move the 
piston provides the operator with tactile feedback on the pressure in the system. The 
doctor is able to use this feedback to ensure the safety of the injection procedure. 

Unlike the case of a manual injection system, the injection system of U.S. 
Patent No. 5,840,026 does not require the doctor to develop the system pressure and flow 
rate. The doctor develops a smaller, manually applied pressure which corresponds to or 
is proportional to the system pressure. The required manual power output (that is, 
pressurexflow rate) is decreased as compared to manual systems, whereas the tactile 
feedback associated therewith is retained. 

Although advances have been made in the area of angiographic injection 
systems, it remains desirable to develop injectors, injector systems and methods to 
facilitate such procedures. 



SUMMARY OF THE INVENTION 

The present invention provides an injector system including a powered 
injector, a pressurizing chamber in operative connection with the powered injector, a fluid 
path in fluid connection with the pressurizing chamber; and a manual control in fluid 
connection with the fluid path. The manual control includes at least one actuator for 
controlling the injector through application of force by an operator. The actuator 
provides tactile feedback of pressure in the fluid path to the operator via direct or indirect 
operative or fluid connection with the fluid path (that is, pressure in the fluid path 
transfers a corresponding or a proportional force to the operator). In one embodiment, the 
actuator is adapted to stop an injection procedure if no force is applied to the actuator. 
The manual control can, for example, include a chamber in fluid connection with the fluid 
path. The actuator can be a button or a plunger in operative connection with a piston 
disposed within the chamber. The actuator can be biased in an off position. 

In another aspect, the manual control includes a first actuator for 
controlling the injector in a low-pressure mode through application of force by an 
operator. The first actuator provides tactile feedback of pressure in the fluid path to the 
operator via fluid connection with the fluid path as described above. The first actuator 
also provides control of flow rate by changing the force thereon. The manual control also 
can include a second actuator having an on state and an off state. The second actuator 
causes the injector to enter into a preprogrammed high-pressure injection mode when 
placed in the on state. The manual control can also include a third actuator for 
controlling flow of saline in the fluid path. 

In another aspect of the present invention, the actuator provides tactile 
feedback of fluid pressure and is also in operative connection with an audible feedback 
unit that provides audible feedback of fluid pressure and/or fluid flow to the operator. 
The manual controls of the present invention can be purged of air before injection via, for 
example, a purge valve. 
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The present invention also provides a system for injection of fluid into a 
patient including a multi-patient reusable section and a per-patient disposable section. 
The multi-patient reusable section and the per-patient disposable section are removably 
connectable via a connector or connectors (for example, via a high-pressure connector). 
The multi-patient reusable section includes a powered injector in fluid connection with a 
source of a first injection fluid and a first fluid path connecting the injector and a high- 
pressure connector. The per-patient disposable section includes a second fluid path 
adapted to connect the high-pressure connector and the patient in fluid connection. The 
per-patient disposable section further includes a manual control as described above 
including a connector to place the manual control in fluid connection with the second 
fluid path. The multi-patient reusable section can further include a valve mechanism 
connecting the injector, first fluid source and the first fluid path. 

In one embodiment, the multi-patient reusable section further includes a 
source of a second injection fluid and a pumping mechanism in fluid connection with the 
second fluid source for pressurizing the second fluid. The pumping mechanism is 
preferably in fluid connection with the valve mechanism. 

In one aspect, the manual control includes a first actuator providing 
control of flow rate of the first fluid by changing the force on the first actuator and a 
second actuator, the second actuator causing the injector to enter into a preprogrammed 
high pressure injection mode when placed in an on state. The system can further include 
a pressure sensor in fluid communication with the second fluid path via a pressure- 
activated isolator that isolates the pressure sensor from pressures in the second fluid path 
above a set pressure. In one embodiment, the per-patient disposable section can include a 
check valve in the second fluid path separating components of the per-patient disposable 
section from the multi-patient reusable section to reduce or eliminate flow of 
contaminated fluid into the multi-patient reusable section. 

The present invention further provides a method of injecting a fluid into a 
patient including the steps of: removably connecting a multi-patient reusable section to a 
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per-patient disposable section via a high-pressure connector, the multi-patient reusable 
section including a powered injector in fluid connection with a source of a first injection 
fluid and a first fluid path connecting the injector and the high-pressure connector, the 
per-patient disposable section including a second fluid path adapted to connect the high- 
pressure connector and the patient in fluid connection; connecting a manual control 
including a connector to the second fluid path to place the manual control in fluid 
connection with the second fluid path, the manual control including at least one actuator 
for controlling the powered injector through application of force by an operator, the 
actuator being adapted to provide tactile feedback of pressure in the second fluid path to 
the operator via fluid connection with the second fluid path; and injecting a fluid into a 
patient. 

The method can further include the step of connecting a pressure sensor in 
fluid communication with the second fluid path via a pressure activated isolator that 
isolates the pressure sensor from pressures in the second fluid path above a set pressure. 

Still further, the present invention provides a per-patient disposable set for 
use in an injection procedure including a fluid path adapted to form a fluid connection 
between a high-pressure connector and the patient, and a manual control in fluid 
connection with the fluid path. The manual control includes at least one actuator for 
controlling the powered injector through application of force by an operator. The 
actuator is adapted to provide tactile feedback of pressure in the fluid path to the operator 
via fluid connection with the fluid path. The per-patient disposable set further includes a 
pressure sensor in fluid connection with the fluid path via a pressure activated isolator 
adapted to isolate the pressure sensor from pressures in the fluid path above a set 
pressure. 

The manual (for example, handheld) controllers of the present invention 
provide a number of advantages including, but not limited to the following: tactile 
feedback of actual fluid path pressure via fluid communication with the fluid path, 
compact size and small priming volume; dead man switch capability; ergonomic design 
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for control of both contrast and saline; injection pressure feedback linked to variable flow 
and audible feedback; rigid material construction; actuator control providing a 
progressively increasing flow rate as the actuator is pushed or depressed through its range 
of motion; and high-pressure injections that are greater in pressure than could be tolerated 
by an operator's hand. 

In another aspect, the present invention provides an injection system for 
use in angiography including a powered injector in fluid connection with a source of 
injection fluid and a pressure sensor in fluid connection with the powered injector via a 
pressure activated isolator adapted to isolate the pressure sensor from pressures in the 
fluid path above a set pressure. The pressure sensor elevation is independent of or 
independently variable of the position of the remainder of the injection system, including 
the position or elevation of the powered injector. 

In\a further aspect, the present invention provides an angiographic 
injection system rbr injecting an injection fluid into a patient including a pressurizing 
device for supplying injection fluid under pressure; a low pressure fluid delivery system; 
and a pressure isolation mechanism having a first port for connection to the pressurizing 
device, a second port tor connection to the patient, and a third port for connection to the 
low pressure fluid delivery system. The pressure isolation mechanism includes a valve 
having a first state and avsecond state different from the first state. Preferably, the first 
state and the second stateVare mutually exclusive or each other. The first state occurs 
when the second and third ports are connected and the first and third ports are connected. 
The second state occurs wheh the first and second ports are connected and the first and 
third ports are disconnected. \ The valve is normally biased to the first state (via, for 
example, a spring) and is swixbhable to the second state when fluid pressure from the 
syringe pump reaches a predetermined pressure level. The first and second ports remain 
connected in the first state and in the second state. 

The system preferably further includes a valve in line between the 
pressurizing device and the first port of the pressure isolation mechanism to control flow 



of the injection fluid. Preferably, the valve is an automated valve. The valve is 
preferably operable to minimize or eliminate the effects of compliance of the pressurizing 
device and related tubing. 

The low pressure delivery system can include a source of saline or other 
suitable flushing medium, a drip chamber in fluid connection with the source of saline 
and a detector to sense the amount of saline in the source of saline. The system can 
further include a saline control valve and an air detector in line between the saline drip 
chamber and the pressure isolation mechanism. 

The pressurizing device can be in fluid connection with a source of 
injection fluid via an injection fluid drip chamber. The system can further include a 
detector to sense the amount of injection fluid in the source of injection fluid. Likewise, 
the system can also include an injection fluid control valve and an air detector in line 
between the injection fluid drip chamber and the pressure isolation mechanism. 

In one embodiment, the system further includes a handheld controller to 
control injection of injection fluid and injection of saline. The handheld controller can 
include a first control having a first mode to control injection of injection fluid in a low 
pressure mode, the flow rate of the injection corresponding to (for example, being 
proportional to) the distance the first control is depressed. Preferably, the low pressure 
injection is ceased if the first control is released while in the first mode. The first control 
can, for example, have a second mode to control injection of injection fluid in a high 
pressure mode. The high pressure mode injection is preferably ceased if the first control 
is released while in the second mode. The hand controller can further include at least a 
second control to control injection of saline. Preferably, the injection of saline is ceased 
if the second control is released during injection of saline. 

The system preferably further includes a pressure transducer in fluid 
connection with the third port of the pressure isolation mechanism. 



In still a further aspect, the present invention provides an injection system 
for use in angiography including a source of saline, a pump in fluid connection with the 
source of saline to pressurize the saline, a saline valve in fluid connection via a first port 
thereof with an outlet of the pump, a first connector in fluid connection with a second 
port of the saline valve, a source of contrast, a contrast valve in fluid connection with the 
source of contrast via a first port of the contrast valve, a powered injector in fluid 
connection with a second port of the contrast valve, a second connector in fluid 
connection with a third port of the contrast valve, and a pressure isolation mechanism. 

p The pressure isolation mechanism has a lumen having a first port in fluid 

*~ connection with the second connector and a second port in fluid connection with a patient 

(S catheter. The isolation mechanism further has a third port in fluid connection with the 

m 

first connector and with the lumen. The pressure isolation mechanism further includes a 
valve having a first state and a preferably mutually exclusive second state - the first state 
occurring when the lumen and the third port are connected; and the second state occurring 
(3 when the lumen and the third port are disconnected. The valve is preferably normally 
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biased to the first state and is switchable to the second state when fluid pressure from the 



W powered injector reaches a predetermined pressure level. The first and second ports of 

M 

the lumen preferably remain connected whether in the first state or in the second state. 
The system further includes a pressure transducer in fluid connection with the third port 
of the pressure isolation mechanism. 

The system can also include a first air or air column detector in fluid 
connection between the saline valve and the first connector and a second air detector in 
fluid connection between the contrast valve and the second connector. 

The system can also include a first drip chamber in fluid connection 
between the source of saline and the pump and a detector in operative connection with the 
first drip chamber to sense the amount of saline in the source of saline. Likewise, the 
system can include a second drip chamber in fluid connection between the source of 
contrast and the contrast valve and a detector in operative connection with the second drip 
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chamber to sense the amount of injection fluid in the source of injection fluid. One 
advantage of a drip chamber is to reduce likelihood of introduction of air into the system 
once the system has been initially purged or air or primed. 

Numerous other objects and advantages of the present invention will be 
apparent from the following drawings and detailed description of the invention and its 
preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates one embodiment of an injection system of the present 

invention. 

Figure 2 illustrates an embodiment of a pressure activated isolator 
assembly of the present invention. 

Figure 3 illustrates an embodiment of a handheld controller or hand piece 
of the present invention. 

Figure 4 illustrates another embodiment of a handheld controller of the 
present invention in which the handheld controller is connected to the fluid path via a "T" 
connection. 

Figure 5A illustrates another embodiment of a handheld controller of the 
present invention including a control switch for pressure feedback in low pressure 
injection, a switch for high pressure injection and a switch for saline injection. 

Figure 5B illustrates another embodiment of a handheld controller of the 
present invention, which is wearable on a finger of the user. 

Figure 6A illustrates a schematic representation of another embodiment of 
an injection system of the present invention. 



12 



Figure 6B illustrates a side view of an embodiment of a portion of the 
injection system of Figure 6A in which a pressure transducer is in the fluid path. 

Figure 6C illustrates a side view of an embodiment of a portion of the 
injection system of Figure 6A in which a pressure transducer is separated from the fluid 
path by a T-connector and a length of tubing. 

Figure 6D illustrates a side cross-sectional view of an embodiment of a 
pressure isolation valve of the present invention in which the valve is in a first, "open" 
state. 

Figure 6E illustrates a side cross-sectional view of the pressure isolation 
valve of Figure 6D in which the valve is in a second, "closed" state. 

Figure 6F illustrates a perspective view of the pressure isolation valve of 
Figures 6D and 6E. 

Figure 6G illustrates a front view of the injection system of Figure 6A. 

Figure 6H illustrates a front view of the handheld controller of the 
injection system of Figure 6 A. 

DETAILED DESCRIPTION OF THE INVENTION 

In one aspect, the present invention provides an energy/signal source to 
generate fluid pressure/flow while also providing user tactile and/or audible feedback of 
the fluid pressure generated, allowing the user to modulate the fluid pressure/flow. The 
powered injection system of the present invention is capable of providing, for example, 
both precise low-flow/ low-pressure fluid delivery for powered coronary injections and 
high-flow/ high-pressure fluid delivery for ventricle injections 

Figure 1 illustrates one embodiment of the present invention in which 
injector system 10 is preferably divided into two sections: A) a multi-patient section or 
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set and B) a per-patient disposable section or set. Section or set A and section or set B 
are preferably separated and removably coupled into fluid connection by a high-pressure 
connector or by a high-pressure, "aseptic" connector 20 such as the septum connector 
disclosed in U.S. Patent No. 6,096,01 1, assigned to the assignee of the present invention, 
the disclosure of which is incorporated herein by reference. The aseptic coupler or 
connector of U.S. Patent No. 6,096,011 is suitable for repeated use (coupling and 
uncoupling) at relatively high pressures. Aseptic connector 20 preferably maintains a 
leakproof seal at high pressures after many such uses and can, for example, include a 
surface that can be disinfected (for example, between patients) by wiping with a suitable 
disinfectant. Another high-pressure aseptic connector suitable for use in the present 
invention is disclosed in U.S. Patent Application Serial No. 09/553,822, filed on 
April 21, 2000, assigned to the assignee of the present invention, the disclosure of which 
is incorporated herein by reference. 

Multi-patient set A preferably includes a powered injector 30 which is 
typically an electromechanical drive system for generating fluid pressure/flow via, for 
example, a pressurizing chamber such as a syringe 40 as known in the art. Suitable 
powered injectors and syringes for use in the present invention are disclosed, for 
example, in PCT Publication No. WO 97/07841 and U.S. Patent No. 4,677,980, assigned 
to the assignee of the present invention, the disclosures of which are incorporated herein 
by reference. 

In general, the injector drive is an electromechanical device that creates 
linear motion acting on a syringe plunger (not shown in Figure 1) to provide the 
generation of fluid pressure/ flow. A source of injection media 60 (for example, a 
contrast bottle) is in fluid connection with the syringe via, for example, an 
electromechanical valve assembly 50 for controlling and directing fluid flow by acting 
upon preferably disposable valves 52 and 54. Valves 52 and 54 are preferably multi- 
position valves that are fluid wetted. Valves 52 and 54 can alternatively or additionally 
be manually operated. Contrast bottle or container 60 can be prepackaged contrast media, 
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often distributed in a glass or plastic container with a rubber septum for allowing 
connections via IV spikes. An interim container or reservoir 70 is preferably placed 
between contrast bottle 60 and electromechanical valve assembly 50 to provide an air gap 
in the fluid path to enable purging of air from the system and to allow level detection of 
contrast source 60. Interim reservoir 70 can operate in conjunction with a contrast level 
detection system as described in further detail below. A contrast level detector 80 can, 
for example, include one or more electrical, optical, ultrasound, or mechanical sensors 
that detect the presence of fluid at a certain level in interim reservoir 70. 

Further protection against injection of air into a patient can be provided by 
variety of mechanisms for detection of air in the fluid path or stream. For example, 
ultrasonic bubble detection can be used to detect the presence of air in the fluid path. 
Likewise, backlighting can be used for bubble detection. In the backlighting method of 
bubble detection, the injector side of the fluid path is illuminated to increase visualization 
of the fluid path, fluid presence and air presence. 

At least one source 90 of another fluid (typically saline or other suitable 
medium) can also be provided. Additional fluid sources, such as therapeutic fluids, can 
also be provided. Additional fluid sources such as saline supply 90 are preferably in 
operative or fluid connection with a pressurizing mechanism such as a powered injector 
or a peristaltic pump 100. In Figure 1, peristaltic pump 100 in operative connection with 
the saline source 90 is in fluid connection with the fluid path of injector 30 via 
electromechanical valve assembly 50. 

Alcontroller unit 200 is provideds power to injector 30 and to peristaltic 
pump 1 00 in a controlled manner. Controller unit 200 provides communication between 
the various system components. A graphical user interface display 210 is preferably 
provided in connection with controller unit 200 to display information to the user and to 
enable the user to sea and adjust device parameters. An audible feedback source 220 can 
be provided, for exanrole, to provide feedback to the user of the rate of flow provided by 
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For example, a sound can increase in pitch, volume and/or frequency as flow 



Per-patient disposable set B includes fluid wetted components of the fluid 
delivery path. Per-patient disposable setB preferably includes a waste port 310 (for 
example, through which patient blood can be drawn), a pressure measurement port 320, 
and an interface 330 to a catheter 340 (for example, a connector such as a standard Leur 
connector). Waste port 310 can, for example, include a manually activated or automated 
valve to allow discharge of unwanted fluid and connection of, for example, manually 
operated syringes. Moreover, a powered aspiration mechanism (for example, a peristaltic 
pump 314 connected via tubing to a waste bag 316) can be connected to waste port 310 
via, for example, a standard connector 312, to aspirate fluid from the system as well as to 
draw blood from the patient. Drawing fluid from the system and blood from the patient 
into a waste bag 316 assists in eliminating air from the fluid delivery system. 

Pressure port 320 preferably includes a pressure-activated isolator 350 for 
pressure transducer isolation as, for example, illustrated in Figure 2. Pressure-activated 
isolator 350 is a fluid activated assembly that is located in line with the injection flow. In 
the embodiment of Figure 2, a valve 352 within the assembly isolates pressure 
transducer 360 by shutting off during high-pressure injections. A spring 354 returns 
valve 352 to its original open position when the injector system is not injecting at high 
pressure, thus opening the fluid path to pressure transducer 360. In the embodiment of 
Figures 1 and 2, pressure-activated isolator 350 transitions to a closed position to isolate 
only pressure transducer 360, which is not in fluid connection with contrast source 60 or 
saline source 90 other than through pressure-activated isolator 350. Pressure 
transducer 360 can, for example, be located near the patient to substantially reduce or 
remove pressure signal dampening resulting from intervening tubing, fluid and system 
components and thereby improve accuracy as compared to other pressure measurement 
systems currently used in angiographic procedures. Preferably, pressure transducer 360 is 
separated by a minimum (for example, by no more than approximately three feet) of 
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tubing from the patient/catheter connector. Because of the multi-patient nature of set A, 
the pressure transducer assembly and the remainder of per-patient disposable set B are 
preferably located downstream of a double check valve 370 to provide continuous 
measurements. As such, a pressure isolation mechanism such as described above is 
required to isolate pressure transducer 360 from high pressure during power injection. 

The system also includes a manually operated, for example, a handheld or 
hand operated, control 400 that can, for example, generate or process a control signal that 
is electrical, mechanical, pneumatic, optical, radio frequency, audible or any combination 
thereof to effect control of injector 30 and preferably to also effect control of peristaltic 
pump 100. Handheld control 400 also preferably provides feedback (for example, tactile, 
visual, audible etc.) of the injected fluid pressure and flow to the operator. Handheld 
control 400 preferably provides at least tactile feedback. In the embodiments of 
Figures 1, 3 and 4, the handheld control or hand piece is in operative communication with 
the fluid flow and allows the user to feel the pressure in the fluid path line. Preferably, an 
electrical switch allows the user to turn on/off and modulate the fluid/flow pressure of the 
system for low-pressure/low-flow coronary injections only. High-pressure injection is 
activated, for example, using either display 210 or a separate (second) control on the 
handheld control. The handheld control thus provides pressure feedback to the user while 
controlling the injection. 

The handheld controls of the present invention can, for example, include a 
fluid path containment chamber in which a movable element is able to travel a pre- 
determined distance. The moveable element is preferably in direct contact with the fluid 
path and is affected by fluid flow and pressure. The movable element incorporates a 
mechanism to process a signal, which can be used to control the fluid pressure/flow 
source remotely. The handheld device is capable of being used with a signal processor 
related to the movement of the moveable element as known in the art. 

In one embodiment of the present invention, a handheld control 
device 500 incorporates a moveable piston 510 slideably disposed within a chamber 520 
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in a direction generally perpendicular to the direction of fluid flow as illustrated in 
Figure 3. Chamber 520 and piston 510 can be directly in the fluid path or can be spaced 
from the fluid path by a length of tubing (see, for example, Figure 4). Handheld 
device 500 allows moveable piston 510 to be positioned under one finger while 
device 500 is held in the hand. Piston 510 preferably incorporates a switch 530, that 
when compressed, controls the fluid flow generated by an external fluid pressure/flow 
source (for example, injector 30). Upon generation of the pressure, piston 510 is 
displaced by increased pressure, which is detectable by the operator. Further 
compression of piston 510 by the operator preferably increases the signal to the fluid 
flow/pressure generator, resulting in an increase in the pressure/flow and an increased 
pressure on piston 5 1 0, which is felt by the operator. Backpressure or tubing occlusion 
causes increased pressure in the system, upward movement of piston 510 and tactile 
feedback to the operator, thereby alerting the operator to potential problems in the 
injection procedure. The system can also provide audible and/or visual feedback of the 
flow rate via , for example, user display 210 that is preferably controlled by the position 
of piston 510. 

As illustrated in Figure 4, a handheld control 500' can be connected in a 
"T" 550 off of the main line for more flexibility. A purge valve 540 can be located at the 
end of handheld control 500' for air elimination during system purge. Air can also be 
purged from the handheld control 500' before it is connected to the fluid path. Figure 4 
also illustrates a second switch 560' for initiation of a high pressure injection. An 
additional switch or switches can also be provided to, for example, control delivery of 
saline. . 

Figures 5A and 5B illustrate other, ergonomic handheld controls. 
Handheld control 600 of Figure 5A includes a chamber 620 that can be in fluid 
connection with the injection system fluid path as described above. A low pressure 
control switch 610 similar in operation to piston 510 is slideably disposed within 
chamber 620 to control low-pressure injections of contrast. Chamber 620 can, for 
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example, be formed to conform to the hand of the user. A switch 630 to begin a high 
pressure injection via injector 30 is provided on handheld control 600. Also, a switch 640 
to control delivery of saline is provided on handheld control 600. 

Figure 5B illustrates an embodiment of a finger-wearable handheld 
control 700. In that regard, a finger of the user's hand passes through passage 710 in 
control 700 while control 700 is held in the user's hand. A rotating switch 720 controls 
low-pressure injection. A high pressure injection switch 730 and a saline switch 740 are 
also provided. 

System 10 can also include a manually operated foot controller 420 
including one or more actuators 430 in communication with controller 200. Foot 
controller 420 can, for example, be used to control flow through system 10 in conjunction 
with or independently of handheld controller 400. 

Another embodiment of an injector system 800 is illustrated in Figures 6 A 
through 6H. In this embodiment (referring primarily to Figures 6A and 6G), a fluid 
control module 810 is in operative connection with a powered injector 830 to which a 
syringe 840 is connected as described above. Syringe 840 is in fluid connection with an 
automated valve 852 of fluid control module 810, which is also in fluid connection with a 
source of contrast 860 via an intermediate drip chamber 870. Drip chamber 870 
preferably includes a fluid level sensing mechanism 880. A preferably automated 
valve/stopcock 852 such as known in the art is also in fluid connection with a first, inlet 
port of a lumen 954 of a pressure isolation valve 950. Valve 852 prevents saline and/or 
contaminated fluids from entering syringe 840 and enables the operator to stop flow of 
injection fluid (for example, contrast) from syringe 840 quickly at any pressure or flow 
rate. This ability to substantially immediately stop flow of injection fluid at any pressure 
and flow rate substantially removes the effects of system compliance and enables delivery 
of a "sharp" bolus. An air column detector 856 can be placed in line between 
stopcock 852 and pressure isolation valve 950. 
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Fluid control module 810 further includes a source of saline 890 in fluid 
connection with a peristaltic pump 900 via an intervening drip chamber 910. Drip 
chamber 910 preferably includes a fluid level sensing mechanism 920. Peristaltic 
pump 900 is in fluid connection with a preferably automated valve/stopcock 854, which 
is in fluid connection with pressure isolation valve 950. In addition to controlling flow of 
saline, valve 854 prevents contaminated fluids from reaching peristaltic pump 900 and 
saline source 890. An air column detector 858 can be placed in line between 
stopcock 854 and pressure isolation valve 950. 

A controller 970 and a display 974 (see Figure 6A) are also in operative 
connection with injector 830 as described above. Furthermore, handheld controller 1000 
is in operative connection with injector 830 and thereby with fluid control module 810. 
In the embodiment of Figures 6A through 6H, handheld controller 1 000 does not provide 
tactile feedback of system pressure to the operator. However, a handheld controller 
providing such tactile feedback (for example, handheld controller 600) can readily be 
used in connection with system 800. Moreover, a foot controller as described above can 
also be provided. 

In general, the preferably per-patient disposable portion or set of 
system 800 is illustrated within dashed lines in Figures 6A, 6B, 6C and 6G. Two 
connectors 990a and 990b (which are preferably aseptic connectors as described above) 
are used to connect the multi-patient fluid path set with the per-patient fluid path set. Use 
of two separate/parallel fluid lines and two separate connectors to connect the multi- 
patient set with the per-patient disposable set affords a number of benefits over current 
angiographic injection systems including decrease contrast wastage and avoidance of 
injecting potentially hazardous amounts of contrast into the patient during saline purges. 
Moreover, system 800 facilitates close placement of pressure transducer 980 to the 
patient, improving measurement accuracy as compared to currently available systems. 
Although handheld controller 1000 in the embodiments of Figures 6 A through 6H is not 
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in direct connection with the fluid path, it is preferably disposable because of 
contamination with bodily fluids that typically occurs from operator handling thereof. 

Lumen 954 (via a second, outlet port thereof) of pressure isolation 
valve 950 is preferably in fluid connection with an automated or manual 
valve/stopcock 994, which preferably includes a waste port 996 as described above. 
Catheter 1 100 is preferably connected via a rotating Luer connection 998. 

Figure 6B illustrates a portion of a fluid path set for use in system 800 of 
Figure 6A in which a pressure transducer 980 is directly in the saline fluid path. Figure 
6C illustrates a fluid path set for use in system 800 of Figure 6A in which pressure 
transducer 980 is separated from the saline fluid path by a "T" connector 952 and a length 
of tubing 954. In the embodiments of Figures 6B and 6C, spikes 976a and 976b are used 
to connect to contrast source 860 and saline source 890, respectively. In general, standard 
Luer connections are used to connect most of the components of system 800. In 
Figures 6B and 6C several of these Luer connections are illustrated in a disconnected 
state. Alternatively, one or more of the illustrated connections can, for example, be non- 
Luer or bonded connections. 

One embodiment of a pressure isolation valve 950 is illustrated in 
Figures 6D through 6F. Pressure isolation valve 950 includes a housing 952 with a high 
pressure lumen 954, through which fluid passes under pressure. Pressure isolation 
valve 950 also includes a port 956 to which pressure transducer 980 and saline source 890 
are connected. A piston 958 acts to isolate pressure transducer 980 once a given pressure 
is reached in lumen 954 of pressure isolation valve 950. In an "open" or rest state, as 
shown in Figure 6D, there is hydraulic or fluid communication between lumen 954 
(including catheter 1100 and injector 840 connected thereto), and isolation port 956 
(including pressure transducer 980 and the saline fluid path connected thereto). 

Preferably, the clearances and apertures within pressure isolation 
valve 950 are sufficiently generous to transmit changes in pressure that normally occur 
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during normal heart function quickly, as to not damp the signal. The pressure effect on 
piston 958 of the flow of injection fluid from syringe 840 through lumen 954 is illustrated 
with dashed arrows in Figure 6D while the flow of saline through pressure isolation 
mechanism 950 is illustrated with solid arrows. When the pressure within lumen 954 
increases during an injection, piston 958 responds by moving to the right in the 
orientation of Figure 6D and 6E, compressing a spring 960 until a seal portion 962 at the 
left end of piston 958 contacts a sealing seat 964 as illustrated in Figure 6E. At this point, 
lumen or port 956 is isolated from lumen 954 and any additional increase in pressure acts 
to increase or improve the effectiveness of the seal 962. When the pressure within 
lumen 954 subsides, spring 960 reopens pressure isolation valve 950 by pushing 
piston 958 to the left. In one embodiment, fluid does not flow through port 956. In this 
embodiment, pressure isolation valve 950 only isolates the tubing and devices distal to 
port 956 from high pressure and does not control flow. 

As discussed above, saline is used occasionally during routine 
catheterization procedures. For example, controls 1020a or 1020b on handheld 
control 1000 can send a signal to control the flow of saline. For patient safety, it is 
desirable to introduce the saline close to the proximal end of catheter 1000 so the amount 
of contrast purged ahead of the saline is minimized during a saline injection. Once again, 
the parallel line configuration of the contrast delivery and saline deliver fluid paths of 
present invention assist in preventing such undesirable injections. 

Since the required saline flow rates are low and the viscosity of saline is 
much lower than the viscosity of contrast, the pressures required to force saline through 
catheter 1 100 are much less than that of contrast. By protecting the saline line from the 
high pressures required for contrast injection, additional system compliance is avoided 
and the saline line does not need to be made of the same high-pressure line as the 
contrast. Protection of the saline line from high pressure is accomplished by connecting 
the saline line to port 956 of pressure isolation valve 950 to introduce the saline flow as 
illustrated with solid arrows in Figure 6D. In this embodiment, port 956 is normally 
open, permitting the flow of saline therethrough, when required, as well as the 
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monitoring of the patient blood pressure. During a high-pressure injection, pressure 
isolation valve 950 functions as described above and protects pressure transducer 980 and 
the low-pressure saline line from the high contrast injection pressures. 

The elevation of catheter 1 1 00 often changes during the course of an 
injection procedure, for example, as the patient is raised or lowered. Such changes in 
elevation of catheter 1100 can result in erroneous blood pressure readings by pressure 
transducer 980. Therefore, pressure transducer 980 is preferably positioned such that it 
changes elevation with catheter 1 1 00 and is not dependent upon the position of the 
injection system, including the position of injector 830. 

In one embodiment in Figures 6G and 6H, handheld controller 1000 
included a plunger or stem control 1010 that, when in a first/low pressure mode, is 
depressed by the operator to control the flow of contrast from syringe 840. The farther 
plunger 1010 is depressed, the greater the flow rate (via, for example, a potentiometer 
such as a linear potentiometer within housing 1020 of controller 1000). In this 
embodiment, the operator can use graphical user interface display 974 to change the 
mode of plunger 1010 to a second mode in which it causes injector 830 to initiate a high 
pressure injection as preprogrammed by the operator. In this second/high pressure mode, 
the operator maintains plunger 1010 in a depressed state to continue the injection. 
Preferably, if plunger 1010 is released, the high-pressure injection is terminated 
substantially immediately, for example, by control of valve 852. Handheld 
controller 1000 also includes at least one switch to control saline flow in system 800. In 
the embodiment of Figure 6H, handheld controller 1 000 includes two saline 
switches 1030a and 1030b on either side of plunger 1010 for ease of access by the 
operator. In this embodiment, switches 1030a and 1030b include resilient cantilevered 
members 1032a and 1032b, respectively, which are depressed by the operator to deliver 
saline through system 800. Preferably, one of switches 1030a or 1030b must be 
maintained in a depressed state by the operator to continue delivery of saline. If the 
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depressed switch is release, saline flow is preferably stopped substantially immediately, 
for example, via control of valve 854. 

Asullustrated in Figure 6G, many of the components of system 800 can be 
supported on a mooile stand 805. Injector 830 is preferably rotatable about stand 805 as 
indicated by the arrow of Figure 6G. In one embodiment of system 800 of Figures 6G 
and 6H: stopcocks were obtained from Medical Associates Network, Inc., a distributor 
for Elcam Plastic, under product number 565302; spikes were obtained from Qosina 
under product numbers E3202 and 23207, tubing was obtained from Merit Medical under 
product numbers DCT-100 and DCT-148; connectors were obtained from Merit Medical 
under product number 1 Oil 01 003, a rotating hub was obtained form Medical Associates 
Network, Inc., a distributonfor Elcam Plastic, under product number 5653 10; a peristaltic 
pump from Watson-Marlow was obtained having a product number of 133.445 l.THF; 
and fluid level sensor frormOmron were obtained under product number EESPX613. 

The following describes a typical use scenario of injection systems of the 
present invention and assumes that all fluid path components are assembled/connected 
and located in their proper position, including contrast and saline containers. 

Typically, the first step in an injection procedure is replacing air in the 
fluid path with fluid. By operator initiation and machine control, the powered injector 
causes the syringe plunger to move rearward (toward the powered injector), thereby 
creating a negative pressure at the connection point to a control valve in proximity to the 
contrast interim container. The control valve is positioned to allow fluid flow from the 
contrast bottle, into the interim container and into the syringe. Upon drawing a 
predetermined amount of contrast into the syringe, the injector drive preferably reverses 
direction creating a positive pressure and fluid movement in the direction of the contrast 
container or the catheter (which is not connected to a patient) to drive any entrapped air 
out of the fluid path into an "air gap" established in the interim container or through the 
catheter. Air is further preferably initially purged from the system during start-up by, for 
example, distributing a fluid such as saline through the fluid path (sometimes referred to 



as "priming"). The system is preferably maintained air-free during an injection procedure 
and with multi-patient use. Priming is preferably done once per patient or once per multi- 
patient, depending on disposable fluid path configuration. 

The system can include, for example, "contrast low" level (need for refill) 
and "stop filling" limit sensors on the interim reservoir as described above to help ensure 
that air is not aspirated into the contrast syringe during a fill cycle. An ultrasonic air 
column sensor or sensors and/or other types of sensors can also be included downstream 
of the injector to detect air gaps within the line as a secondary safety sensor. 

By operator initiation and machine control, a second fluid pump connected 
to a bulk source of saline, typically a prefilled bag, provides fluid flow in the direction of 
patient catheter. Enough saline is preferably pumped throughout disposable set to 
achieve elimination of all visible air during priming. Using the saline priming feature, a 
handheld controller that is in fluid connection with the fluid path (to provide tactile 
feedback as described above) can, for example, be purged of air by opening an integral 
bleed valve. After priming is complete the bleed valve is closed. 

Once the system is properly set up and primed, it can be connected to the 
patient via the catheter. The system preferably has a range of parameters for flow, 
pressure, variable flow, alarms and performance limits as known in the art. 

To deliver contrast at low flow and low pressure, for example, to the 
coronary arteries, depressing a first button, piston or other controller on the handheld 
controller initiates flow of contrast and in some embodiments provides feedback (for 
example, tactile and/or audible feedback). Further depressing the button on the hand 
controller preferably increases the flow rate of contras. If at any time the button is 
released, the fluid flow preferably stops and any feedback ends. This "dead-man" 
operability can be provided, for example, by biasing (for example, spring loading) the 
first control or actuator toward the off position. The minimum and maximum flow are 
preferably established by the parameters set using a graphical user interface on the 
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display. 

To deliver contrast at high flow and high pressure, for example, to the left 
ventricle, a separate switch or second actuator/controller on the hand control is preferably 
depressed. Alternatively, a second mode of the first actuator/controller can be entered to 
control high pressure flow. In embodiments in which the handheld control provides 
tactile feedback during low-pressure injection, preferably no such tactile feedback is 
provided during high pressure flow. However, other feedback such as an audible tone 
feedback different than any audible tone provided during the low-pressure mode can be 
provided. The high-pressure/high-flow function is preferably first input/selected from the 
parameters input/set using the graphical user interface on the display. The high-flow and 
high-pressure injection is preferably preprogrammed and the flow cannot be varied. As 
discussed above, any direct, tactile feedback is preferably eliminated, as the pressure is 
often over 1000 psi. If at any time the second button is released, the injection preferably 
stops. 

To deliver saline, a second or third switch, controller or actuator on the 
hand controller is preferably selected, causing saline flow at a pre-selected flow rate. 
Alternatively, a single controller or actuator having three different control modes can be 
used. As with the other actuators or actuator modes on the handheld controller, if at any 
time the third button is released, the saline flow preferably stops. 

A pressure sensor is preferably connected to a pressure isolation valve as 
described above. Patient pressure monitoring can be determined at any time except when 
an injection of fluid exceeds the pressure set by the pressure isolation valve. 

A multi-patient set can be designed so that at least some portions thereof 
can safely be reused for multiple patients. In such a design, for example, the syringe and 
interface to contrast/saline components, disposable valves and related tubing, and a multi- 
use high-pressure, aseptic connecter can preferably be reused for multiple patients. 



\ Handheld controllers (whether or not in fluid connection with the fluid 
path) andVrelated tubing and check valves are preferably replaced for each patient. 
Likewise, any waste port, pressure port, and the interface to catheter are preferably 
replaced for each patient. Aseptic connectors of a multi-patient set can, for example, be 
wiped clean before connecting a disposable se for each new patient. Reusable or multi- 
patient sets preferably have a limited numbers of reuses and preferably are not used for 
longer than a set period of time (for example, an 8-hour period). 

Although the present invention has been described in detail in connection 
with the above embodiments and/or examples, it is to be understood that such detail is 
solely for that purpose and that variations can be made by those skilled in the art without 
departing from the invention. The scope of the invention is indicated by the following 
claims rather than by the foregoing description. All changes and variations that come 
within the meaning and range of equivalency of the claims are to be embraced within 
their scope. 



